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D. A. G i l l e t t e  and P. R. Owen, FRS, GMCC/ERL/ARL/NOAA and t h e  Imper ia l  Col lege 

of Science and Technology 

Since t h e  wind tunne l s  proposed t o  be used f o r  t h e  Space S t a t i o n  Planetology 

Experiments are of a r a t h e r  l i m i t e d  s i z e ,  some exper ience  and techniques  used 

f o r  s a l t a t i o n  experiments i n  a small l i n e a r  wind tunne l  may be of i n t e r e s t .  

Three exper iences  w i l l  be presented.  The f i r s t  concerns a l e n g t h  e f f e c t  of 

s a l t a t i o n  mass f l u x  i n  which t h e  s i z e  of t h e  wind tunne l  exaggera tes  t h e  physi-  

cal  process  t ak ing  p lace .  A second exper ience  concerns a non-opt ical  t echnique  

t h a t  does not  i n t e r f e r e  wi th  flow and by which momentum and mass f l u x e s  t o  t h e  

f l o o r  may be measured. The technique may a l s o  be used t o  c a l c u l a t e  s a l t a t i o n  

f l u x  (us ing  a p p r o p r i a t e  assumptions).  The t h i r d  exper ience  concerns t h e  use  of 

t h e  momentum equa t ion  t o  estimate momentum f l u x e s  by d i f f e r e n c e s .  

1. A l e n g t h  e f f e c t  exaggerated by wind t u n n e l  dimensions. 

A feedback mechanism t h a t  i n c r e a s e s  mass f l u x  of s a l t a t i n g  p a r t i c l e s  w i th  

d i s t a n c e  ex is t s  f o r  s u f f i c i e n t l y  fas t  moving a i r  pass ing  from a smooth f l o o r  t o  

a s u r f a c e  of e r o d i b l e  sand. Absorption of momentum by sand s t a r t i n g  t o  move i n  

s a l t a t i o n  i n c r e a s e s  t h e  apparent  aerodynamic roughness he igh t .  This  i n c r e a s e  of 

roughness he igh t  corresponds wi th  inc reased  momentum f l u x  from t h e  a i r  which 

makes a l a r g e r  s a l t a t i o n  mass f l u x  poss ib l e .  P. R. Owen t h e o r e t i c a l l y  showed 

t h i s  feedback mechanism t o  be exaggerated by t h e  presence  of a wind t u n n e l  

c e i l i n g .  H i s  theory  agrees  q u i t e  w e l l  w i th  exper imenta l  r e s u l t s  of a small 

c r o s s  s e c t i o n  l i n e a r  wind tunnel .  

2. An approximate method f o r  f a s t  response measurement of s a l t a t i o n  pa r -  

t i c l e  f lux .  

A f a s t  t i m e  response sensor  may be used t o  count t h e  number of i m p a c t s  on an 

area of f l o o r  as w e l l  as t o  measure t h e  momentum f l u x  from impacts.  It has  t h e  

c a p a b i l i t y  of f u r n i s h i n g  d a t a  t o  a method by which t h e  h o r i z o n t a l  f l u x  of mass 

moving i n  s a l t a t i o n  f o r  monodisperse p a r t i c l e s  can be est imated.  

a l a r g e  advantage i n  t h a t  i t  does not  i n t e r f e r e  w i t h  t h e  flow i n  t h e  wind tun- 

ne l .  A disadvantage of t h e  e s t i m a t i o n  method i s  t h a t  i t  must assume a rela- 

t i o n s h i p  of s a l t a t i o n  t r a j e c t o r i e s  t o  convert  t h e  s i g n a l  i n t o  mass f l u x  

The senso r  has 
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information.  The method uses  t h e  assumption f o r  monodisperse p a r t i c l e s  t h a t  

s a l t a t i o n  l eng th  is p ropor t iona l  t o  t h e  square of p a r t i c l e  speed a t  impact  wi th  

t h e  su r face .  The mean par t ic le  speed a t  impact wi th  t h e  s u r f a c e  i s  assumed t o  

be p ropor t iona l  t o  t h e  momentum f l u x  d iv ided  by t h e  mass f lux .  

t h a t  mass f l u x  is  p ropor t iona l  t o  number of i m p a c t s  t i m e s  t h e  mass of each 

p a r t i c l e .  

It is assumed 

The method g ives  a t i m e  series of mass f l u x  of s a l t a t i n g  p a r t i c l e s .  A t yp i -  

c a l  run shows a r ap id  i n c r e a s e  of p a r t i c l e  mass f l u x  corresponding t o  i n c r e a s e  

of a i r  speed a f t e r  tu rn ing  on t h e  wind tunne l  f a n ,  followed by a per iod of 

s t eady  mass f l u x ,  followed by a decay of mass f l u x  as t h e  p a r t i c l e s  are dep le t ed  

from t h e  wind tunnel .  

3. An a t t e m p t  t o  use  a d i r e c t  momentum f l u x  measuring device  t o  e v a l u a t e  

momentum f l u x e s  by using t h e  momentum equat ion .  

By measuring s e v e r a l  terms of t h e  momentum equa t ion ,  momentum f l u x e s  may be 

e s t ima ted  by eva lua t ing  a l l  but one of t h e  terms of t h e  momentum equa t ion ;  t h e  

d i f f e r e n c e  of terms is t h e  q u a n t i t y  es t imated.  For example, t h e  momentum 

equat ion  was used t o  estimate t h e  momentum f l u x  t o  t h e  f l o o r  of a r ec t angu la r  

wind tunne l  as fo l lows:  Floor stress = upwind wind momentum f l u x  - downwind wind 

momentum f l u x  = c e i l i n g  stress + pres su re  d i f f e r e n t i a l  i n t e g r a t e d  over  t h e  wind 

t u n n e l  c r o s s  s e c t i o n  - downwind p a r t i c l e  momentum f l u x .  In  t h e  example, down- 

wind pa r t i c l e  momentum f l u x  was measured us ing  a d i r e c t  momentum i n t e g r a t i o n  

device.  The method s u f f e r e d ,  however i n  t h a t  the  d i f f e r e n c e ,  the f l o o r  stress, 

w a s  a small d i f f e r e n c e  of l a r g e  q u a n t i t i e s  a l l  having experimental  e r r o r s .  

Resu l t s  show t h a t  t h e  method i s  u n r e l i a b l e  f o r  d i s t a n c e s  smaller than 150 c m  i n  

a l inear wind t u n n e l  and t h a t  t h e  estimate has  l a r g e  e r r o r  l i m i t s .  It was 

concluded t h a t  d i r e c t  measurements were p r e f e r a b l e  where they  can poss ib ly  be 

made. 
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